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Experimental Study on Eccentric Compression Behavior of Ultra-high Performance Concrete Columns
MA Kaize, MA Yudong, LIU Boxquan
(School of Civil Eng., Chang’an Univ, Xi’an 710000, China)
Abstract: To study the eccentric compression performance of ultra-high performance concrete (UHPC) columns,seven UHPC columns
and one high-strength concrete (HSC) column were tested. Variation parameters include:the steel fibers volume of UHPC,load eccentri-
city and stirrup ratio of columns.The failure mode,bearing capacity and deformation capacity of the specimens with vertical loading
were studied,and the following conclusions were drawn.It is demonstrated that the failure mode of UHPC eccentric compression
columns includes large eccentric tension failure and small eccentric compression failure.Large eccentric tension failure mainly
showed the following three characteristics:the tensile longitudinal reinforcements were yield,fine cracks appeared in tension zone and
the UHPC in compression zone was crushed.However,small compression eccentric failure mainly showed the following two character-
istics:less and slighter cracks appeared in tension zone and the UHPC in compression zone was crushed,without the yield of tensile
longitudinal reinforcements.Due to the “bridging” effect of steel fibers,the development of cracks were delayed,the number of cracks
increased significantly,and the width decreased.The load-deflection curves of large eccentric columns shows a gentle descending sec-
tion,which shows that the specimens have good ductility.Comparing with HSC column,the cracking loads of UHPC columns in-
creased 44.5% and 59%,and the ultimate loads increased 30.2% and 58.9%.With the increase of steel fiber volume,the carrying capa-
city of UHPC columns increased by 13.3% ~ 58.9%,and the failure deflection increased by 14.3% ~ 146.5%.With the increase of stirrup
ratio,the carrying capacity of UHPC columns increased by 6.2% ~ 11.4%,and the failure deflection increased by 14% ~ 14.8%.The increase of

steel fiber volume and stirrup ratio has an effective effect on improving bearing capacity and deformation capability of UHPC columns.Due to the
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high tensile capacity of UHPC,the contribution of UHPC tensile strength to carrying capacity was considered in bearing capacity formula.And an

equivalent rectangular stress diagram was used to simplify the calculation.The theoretical calculation results agree well with the test results.It can

provide a theoretical basis for engineering application.

Key words: ultra-high performance concrete;eccentric compression column;steel fiber volume;ultimate load;failure deflection
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Tab.1 Design parameters of specimens
%S H/mmxh/mmxb/mm Vi/% ei/mm  Ps/%
HSCZ-1 1 000%200%X150 0 100 2.01
UHPCZ-1 1 000X200%X150 1 100 2.01
UHPCZ-2 1 000%200%X150 2 100 2.01
UHPCZ-3 1 000%200%X150 2 100 1.34
UHPCZ-4 1 000X200%150 1 40 2.01
UHPCZ-5 1 000X200%150 2 40 2.01
UHPCZ-6 1 000%200%X150 2 40 1.34
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Fig.1 Reinforcement of specimen
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Tab.2 Mixture proportion of UHPC

5 KJe/kg T K /kg AR kg W kg AR kg K/kg KT/ kg MET Y15 B/kg
UHPC1 603 241 180.9 180.9 965 205.1 24.1 78
UHPC2 603 241 180.9 180.9 965 205.1 24.1 156
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Fig.3 Strain gauge layout of specimens
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Fig. 4 Failure patterns of specimens
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Fig. 5 Loading-deflection curves of specimens
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Tab.5 Test results of load
T TP HN /KN e BR A 2Ny /KN
HSCZ-1 141.1 563.2
UHPCZ-1 203.9 733.3
UHPCZ-2 265.4 895.5
UHPCZ-3 251.7 843.2
UHPCZ-4 839.0 15277
UHPCZ-5 950.5 1889.1
UHPCZ-6 944.6 1 696.6
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Tab. 6 Test results of deflections

iy WEE B Ap/mm WG A/mm  HFRALES F6
HSCZ-1 3.7 43 0.007 6
UHPCZ-1 52 8.2 0.016 4
UHPCZ-2 5.9 10.6 0.0212
UHPCZ-3 54 9.3 0.0186
UHPCZ-4 1.4 22 0.004 4
UHPCZ-5 1.6 2.7 0.005 4
UHPCZ-6 1.5 2.3 0.004 6
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Fig. 6 Stress diagram of UHPC large eccentric compres-
sion column
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Tab.7 Equivalent coefficient & of specimens

RUEERS  ZHEA p/mmxh/mm  My/(kKN-m) ZR0RHk
LJoo1!'" 7 150%250 120.30 0.723
LJoo2!'"! 2 150X250 144.50 0.346
LJoo3!""! 25 150X250 93.65 0.421
LJ004!" 2 150X250 90.60 0.553
Lzoo1" sy 150X200 38.25 0.557
Lzoo2" s 150X200 63.50 0.391
Lz003!" =5 150X200 64.50 0.446
Lz004!""! =5 150X200 87.00 0.484
Fos1!'? 22 200%200 90.00 0.420
F2s10% 2 200%200 90.00 0.420
F2510% 2 200%200 127.00 0.539
B25-1111 25 250%X250 11825 0.529
B25-2!1 2 250%250 114.81 0.439
NF-114 =5 150%220 28.17 0.319
NF-2!'4 =5 150X220 44.06 0.356
S13-111 = 150X220 39.3 0.536
S13-2"% 22 150%220 55.85 0.628
S19.5-1191 s 150%220 41.99 0.630
S19.5:2091 150x220 56.39 0.648
$30-11 27 150x220 43.16 0.671
$30-2' =5 150%220 56.07 0.637
T30-11"% =5 150%220 43.47 0.676
T30-21"% =5 150X220 60.26 0.775
UHPCZ-1 i & 150%200 127.61 0.345
UHPCZ-2 W& 150%200 140.20 0.357
UHPCZ-3 i & 150%200 139.35 0.328
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Fig.7 Stress diagram of UHPC small eccentric compres-
sion column

33 REESHEERR
TR S5 E e A in L 8 BT /R o i & vl 40, it
A5 R AR ) A 3 S YI(E M 0.985, brifE 2
o =0.023, LR RECV =0.024,
*8 REESITEELR

Tab.8 Comparison of predicted and experimental results

a5 THEAEN: RLAE Nu Ne/Ny
UHPCZ-1 718.6 733.3 0.98
UHPCZ-2 810.1 805.5 1.01
UHPCZ-3 810.1 803.5 1.01
UHPCZ-4 1537.5 15974 0.96
UHPCZ-5 17224 17194 1.00
UHPCZ-6 17224 1 806.4 0.95
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2) BEAN LT AE A RS B I, UHPCR 0 32 A

e BT 2884 i o UHPCAi U 32 A TT 2847 28 A R iy

AR e SR TR BE b A A ()RR A R i, 2T AR R

Ry 2% HC A7 4 AH [ I, HAE 43 501 42 55 5.9 % il

58.9%. UHPC K 052 He A HoA B 4F A2 IE AR ), H.

182 = HO 2T Ak 12 40 RO =R RE A8 A 1 (9 28 4 . UHPC

M o B2 TR A B SE 1 R — S B e, (HIF A 3

3) 7% JEUHPCHURLIE BEX i 0> 32 AT AR 2 1 1Y

SO, R AR TR B 1 B R AR Tk 1R T
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